SUMMARY Patients with duodenal ulcer disease received either a two hour pentagastrin infusion test or a similar test with the addition of a bolus of cimetidine, 200 mg, after one hour of pentagastrin. Pentagastrin induced secretion of acid and histamine, the secretion patterns of the two being similar. Total histamine output in the gastric aspirate in the first hour of pentagastrin infusion was related to total acid output (r=0-58, p<001). A similar correlation was observed during the second hour of pentagastrin infusion (r=0.61, p<005). Plasma histamine concentration rose to a peak coinciding with maximal acid secretion. After cimetidine blockade, gastric acid fell rapidly but gastric histamine output did not change. Plasma histamine concentration increased further. These results suggest that pentagastrin induced gastric histamine release is not affected by an acid inhibiting dose of cimetidine. Cimetidine caused histamine release into the circulation in both healthy volunteers and patients after total gastrectomy. The rise in plasma histamine concentration, however, was transient. In contrast, during pentagastrin infusion, the plasma histamine concentration remained high. These data support the hypothesis that histamine release induced by pentagastrin is a major stimulant of gastric acid secretion. In order to test this hypothesis we have examined the effect of cimetidine, an H2-blocking agent, on pentagastrin induced acid secretion and histamine production. If pentagastrin acts directly on the parietal cell, and histamine release is a passive phenomenon associated with gastric secretion, then H2 blockade should reduce both acid and histamine secretion. Alternatively, if histamine secretion is actually stimulated by pentagastrin then H2 blockade of the parietal cell should not affect the secretion of histamine induced by pentagastrin infusion, but only gastric acid secretion. The effect of cimetidine on pentagastrin induced gastric acid secretion and histamine production should therefore enable a distinction to be made between these two mechanisms.
The mechanism by which the gastric parietal cells are stimulated to produce acid is uncertain. A variety of models have been proposed, with one or more receptor sites on the parietal cell sensitive to different chemical transmitters. 1 2 In many of these models gastrin acts directly on the parietal cell to cause acid release. Gastrin is a potent stimulant of acid secretion, and it has been reported to cause stimulation of metabolic activity in isolated parietal cell preparations.3 It is well recognised, however, that there are difficulties in interpretation of isolated cell studies, and evidence of significant parietal cell response to gastrin has not been confirmed. An alternative view is that gastrin acts indirectly, by releasing a transmitter in the gastric mucosa. One candidate for this role is histamine. We have observed in previous studies that pentagastrin, a synthetic analogue of gastrin, causes release of histamine into the gastric juice and into plasma, with depletion of gastric mucosal histamine stores. 4 Histamine release is related in time and degree to that of acid, the amount of histamine released correlating with gastric acid secretion. This parallel release is compatible with the hypothesis that pentagastrin acts indirectly, by causing mucosal histamine release. Histamine may then act on the parietal cell to cause acid secretion.
In order to test this hypothesis we have examined the effect of cimetidine, an H2-blocking agent, on pentagastrin induced acid secretion and histamine production. If pentagastrin acts directly on the parietal cell, and histamine release is a passive phenomenon associated with gastric secretion, then H2 blockade should reduce both acid and histamine secretion. Alternatively, if histamine secretion is actually stimulated by pentagastrin then H2 blockade of the parietal cell should not affect the secretion of histamine induced by pentagastrin infusion, but only gastric acid secretion. The effect of cimetidine on pentagastrin induced gastric acid secretion and histamine production should therefore enable a distinction to be made between these two mechanisms.
Group B was 16 patients who, in addition to the two hour pentagastrin infusion, also received cimetidine 200 mg intravenously after one hour of pentagastrin. Gastric aspirate was collected in 10 minute fractions for measurement of acid and histamine. Venous blood samples were taken from a brachial vein at 10 minute intervals for histamine assay.
Eight healthy volunteers and two patients after total gastrectomy were given cimetidine 200 mg intravenously after overnight fasting. Blood samples were taken at 10 minute intervals for histamine assay.
Acid and histamine were assayed by procedures published in detail previously. 4 Briefly, gastric acid was measured by titration to pH 7 0 using an automatic titrimeter (Copenhagen). Gastric histamine was assayed fluorometrically after extraction and purification procedures as outlined previously.4 Plasma histamine was assayed by an enzymatic-isotopic method. 4 The gastric acid and histamine output were corrected for gastroduodenal loss by use of an inert non-absorbable marker (phenol red) to perfuse the stomach of the patient, and duodenogastric reflux by measurement of sodium ions in the gastric aspirate. 5 The mean difference between the corrected and uncorrected values was Measurements of acid and histamine, in gastric aspirate and blood plasma, are listed in Table 1 and  Table 2 for Group A and Group B patients respectively.
In Group A patients, gastric acid concentration increased from basal levels, median 31 mmol/l, to peak levels, median 121 mmol/l (p<0001), and output rose from basal median 0 5 mmol to peak median 6-3 mmol (p<0-(01) in the 10 minute fractions. Gastric histamine concentration fell from basal median 27.7 nmol/l to 15 6 nmol/l (p<001) before returning to basal values after 90 minutes pentagastrin. Histamine output, however, rose from basal median 0*52 nmol to 1.32 nmol (p<00l) because of the rising volume of gastric secretion. Plasma histamine also rose from basal mnedian 3 43 nmol/l to a peak median 5 19 nmol/l (p<005) before falling back to basal levels after one hour of pentagastrin infusion.
For Group B patients, during the first hour of pentagastrin infusion, comparable changes in acid and histamine were measured. Acid concentration increased from basal 42 to 123 mmol/l (p<0.-001); output from 0 8 to 8-5 mmol (p<0001). Gastric histamine concentration fell from basal 29-8 to 14.0 nmol/l (p<O0O1), but output rose from 0 79 to 1 37 nmol (p<0.01). Plasma histamine also rose from Is pentagastrin-stimulated secretion mediated by histamine? (Table 2) . Acid concentration fell from 112 mmol/l immediately before cimetidine to 61 mmol/l (p<0-001); output dropped from 6.6 to 1 0 mmol in the 10 minute fraction. Gastric histamine concentration, however, rose from 15 4 to 53 2 nmol/l (p<0.01), which is also higher than the basal value of 29 8 nmol/l (p<0-01) as the gastric secretion volume declined. In contrast with the concentration data, histamine output in all 10 minute fractions were not significantly different from that before cimetidine, though they were higher than the basal median 0 79 nmol (p<)-01). Plasma histamine rose from 5-23 to 12-43 nmol/l (p<0-01) and remained high throughout the subsequent period of pentagastrin infusion. Figure 2 illustrates the summation of histamine and acid output in gastric juice collected during the basal period, the first hour of pentagastrin and the second hour of pentagastrin infusion in Group A and Group B patients. The latter group also received cimetidine at the end of the first hour pentagastrin. In Group A, gastric histamine rose from basal median 3-75 nmol/h to 5*85 nmol/h (p<0-0l) in the first hour pentagastrin and to 5-89 nmol/h (p<0.01) in the second hour of pentagastrin. Gastric acid rose from 3 6 to 25-9 (p<0.001) and then to 32-3 mmol/h (p<0O001). In Group B patients, histamine output rose from basal median 4-39 to 7 31 nmol/h (p<0.001) in the first hour of pentagastrin. With cimetidine blockade, histamine output in the second hour pentagastrin remained unchanged, media 6 87 nmol/h, which is higher than Figure 3 shows the effect of cimetidine 200 mg intravenously, on plasma histamine concentration in healthy subjects. There was a peak between 10 and 20 minutes after cimetidine followed by a rapid fall to basal levels. Similar changes were observed in patients after total gastrectomy (Fig. 4) . Thus, cimetidine induces histamine release into the circulatory systems from sources other than the stomach. Is pentagastrin-stimulated secretion mediated by histamine? Discussion Histamine is the most potent substance stimulating gastric acid secretion. It is widely distributed throughout the body and is present in abundance in the fundus of the stomach. During gastric acid secretion histamine appears in gastric juice. It is apparent that histamine is highly likely to have a role in the physiological control of gastric acid secretion. Many questions and uncertainties persist, however, as to the precise mechanism, if any, by which histamine has its action.
Many other secretagogues, including gastrin and its synthetic analogue, pentagastrin, can act on the gastric mucosa. One explanation of the phenomenon might be that histamine acts as a final common pathway for gastric acid release. In mammals H2 receptor antagonists inhibit the secretory action of histamine, pentagastrin, 2-deoxyglucose and insulin. The secretory response of kitten fundic mucosa to acetylcholine, however, is not blocked by metiamide,6 and the cholinergic antagonist atropine inhibits pentagastrin induced secretion in dogs.2
These observations are difficult to fit into a theory which proposes a single final common transmitter. An alternative to pharmacological studies is to examine the effect of secretagogues on isolated cells.3 The responses, however, measured in such experiments are small and may not correspond to the physiological condition. These lines of evidence do not therefore allow a conclusion on the roles of gastrin and histamine in acid secretion.
It is now possible to assay histamine in biological fluids and tissues with great sensitivity and precision. Such measurements of changes in histamine during secretion may offer a better method of determining the role of histamine.
The fluorometric method developed by Lorenz7 is suited to the assay of gastric histamine, being fast and economical. Specimens with very low concentration, such as plasma, are more conveniently assayed by the method of Schaff and Beaven.8 The latter technique is more expensive and time consuming than fluorometric assay and the methods are therefore complementary. The precision and accuracy for both methods of histamine assay have been previously described. 4 We have previously reported that the pattern of histamine and acid release during pentagastrin infusion is so close as to suggest a functional relationship. 4 Pentagastrin induced an increase in histamine output in gastric juice. In the present study histamine rose from basal median 3-75 to 5-85 nmol/h, and from basal 4-39 to 7-31 nmol/h in the first hour of pentagastrin for the two groups of patients respectively. The stimulated values are of similar magnitude to those reported by Parkin et al,9
but 10-fold less than those reported by Peden et al. '0 The discrepancy may be owing to different methodologies, as Parkin's group and ours are using similar assay procedures.
After cimetidine blockade, gastric acid fell rapidly but histamine output in gastric juice did not change. The evidence of the effect of cimetidine on gastric acid secretion presented here suggests that histamine release after pentagastrin infusion is independent of gastric acid secretion, and not a passive 'washout' phenomenon. Similar findings have been reported by Peden et al. '0 Cimetidine affects the enzymatic isotopic assay of histamine. It interferes with the assay as it increases the blank value in the standard curve and inhibits the enzymatic reaction at high concentrations (Fig. 5) . At concentrations below 2 ,ug/incubation, however, the interference from cimetidine is not significant. The concentration of cimetidine in the blood of healthy human subjects after intravenous bolus injection falls rapidly at first and then at a slower rate.5 After an intravenous bolus injection of 100 mg cimetidine, the concentrations of cimetidine in the blood at 5 minutes and 10 minutes were 4-7 and 3 ,ug/ml respectively.5 As only 0. 1 ml plasma was used in the assay, the estimated concentration of cimetidine in the plasma samples in the present series of experiments should be below 2 ,ug/ incubation, and would not be expected to interfere with the histamine assay.
The release of histamine into plasma parallels gastric secretion. The pattern of histamine release (Fig. 3) . Together with pentagastrin, however, a significant rise in plasma histamine level is sustained (Table 2) . It is clear from our data that plasma histamine remains raised after cimetidine injection and its associated peak of histamine release, indicating sustained secretion during pentagastrin infusion despite cimetidine blockade. These data are compatible with the hypothesis that pentagastrin acts indirectly, by releasing histamine in the gastric mucosa. The results confirm that cimetidine has no action by inhibiting histamine release. The observation is interesting in the light of the finding that mucosal histamine concentration increases during cimetidine treatment of duodenal ulceration.'3 Further experiments are in progress to study the effects of short and long term cimetidine blockade on gastric mucosal histamine and the activity of histamine methyltransferase.
These results show such a potent release of gastric histamine during pentagastrin infusion as to be compatible with a physiological pathway. Although our results cannot exclude the possibility that increase in histamine release is a non-specific effect consequent to onset of secretion, "' the association of histamine and gastric acid release found in our previous4 and present studies was so close that a functional relationship seems likely. Our results are compatible with the theory that pentagastrin acts indirectly on the parietal cell by causing histamine release. A further pathway, in which gastrin acts on the parietal cell by a receptor blocked by H2-antagonists, cannot be excluded by our present data. If such a route exists its physiological significance as compared with the histamine releasing route may be small, in view of the large volume of histamine secretion induced at very low pentagastrin concentrations.
